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1
BIDIRECTIONAL PENTAPLEX SYSTEM AND
METHOD

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to a bidirectional pentaplex system,
and especially relates to a bidirectional pentaplex system and
method thereof.

(2) Description of the Prior Art

With the enhancing penetration of global broadband Inter-
net, the currently triple play service containing voice, data
and multimedia service replaces the data service as the core in
the past. In the provisioning of broadband networks, in addi-
tion to the carriers that active in the construction, the Multiple
System Operator (MSO) also offers a video, Voice over Inter-
net Protocol (VoIP) and broadband Internet services to users
through the Hybrid Fiber Coaxial (HFC). The appearance of
Radio Frequency over Glass (RFoG) allows MSO can use the
backstage equipment of traditional HFC continually, and then
transmits cable television signals and broadband Internet ser-
vice to the optical network unit through the fiber that can
provide triple play service. It can improve the disadvantages
of HFC, and reduce equipment replacement costs.

At the moment, many manufacturers combines Bi-direc-
tional Optical Sub-Assembly (BOSA) with Triplexer to apply
for RFoG and Gigabit Passive Optical Network (GPON) or
Gigabit Ethernet Passive Optical Network (GEPON). How-
ever, its main function is to design the operational wavelength
in single Internet which applied for RFoG or GPON/GEPON.
For the RFoG and GPON/GEPON integrated in the same
passive optical network architecture, it doesn’t have any inte-
grated device that can transmit and receive different wave-
lengths by wavelength division multiplexing.

SUMMARY OF THE INVENTION

Accordingly, the object of the invention is to provide a
bidirectional pentaplex system that can transmit Radio Fre-
quency over Glass (RFoG) with Gigabit Passive Optical Net-
work (GPON) or Gigabit Ethernet Passive Optical Network
(GEPON) simultaneously on a single optical fiber, which can
perform wavelength division multiplexing, transmission and
reception.

Another object of the invention is to provide a bidirectional
pentaplex system that can reduce the use of filters by using the
grating and mirror.

The other object of the invention is to provide a bidirec-
tional pentaplex method that can integrate with the monitor-
ing signal in the passive optical network, which can provide
the function of real-time network monitoring.

In one aspect, the invention provides a bidirectional pen-
taplex system of the invention is connected to a machine
room. The machine room provides a first optical signal, a
second optical signal and a monitoring signal and transmits to
the bidirectional pentaplex system. The bidirectional penta-
plexer includes a first receiving unit, a second receiving unit,
a first emitting unit, a second emitting unit, a transceiver, a
filter, a grating, a plurality of reflecting units and a control
circuit. The filter receives the first optical signal, the second
optical signal and the monitoring signal. The monitoring sig-
nal penetrates the filter and transmits to the transceiver. The
filter reflects the first optical signal and the second optical
signal to the grating. The transceiver receives the monitoring
signal from the filter. The grating receives the first optical
signal and the second optical signal reflected by the filter,
splitting the first optical signal and the second optical signal.
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The first reflecting unit receives the first optical signal spilt by
the grating and then reflects the first optical signal. The sec-
ond reflecting unit receives the second optical signal split by
the grating and then reflects the second optical signal. The
first receiving unit receives the first optical signal reflected by
the first reflecting unit. The second receiving unit receives the
second optical signal reflected by the second reflecting unit.
The control circuit is electrically connected to the first receiv-
ing unit, the second receiving and the transceiver. The trans-
ceiver receives the monitoring unit, and the control circuit
controls the transceiver emitting a third feedback signal. The
third feedback signal penetrates the filter and transmits back
to the machine room. The first emitting unit is electrically
connected to the control unit. The control circuit controls the
first emitting unit emitting a first feedback signal. The second
emitting unit is electrically connected to the control unit. The
control circuit controls the second emitting unit emitting a
second feedback signal. The third reflecting unit receives the
first feedback signal emitted by the first emitting unit, and
reflects the first feedback signal back to the machine room.
The fourth reflecting unit receives the second feedback signal
emitted by the second emitting unit, and reflects the second
feedback signal back to the machine room.

In an embodiment, the bidirectional pentaplex system fur-
ther includes a splitter and a lens, wherein the connection
between the machine room, the splitter and the lens is based
on a fiber, the splitter receiving the first optical signal, the
second optical signal and the monitoring signal provided by
the machine room and transmitting to the lens, the lens trans-
mitting the first optical signal, the second optical signal and
the monitoring signal to the filter.

In another embodiment, each of receiving unit is a photo-
detector, each of emitting unit and the transceiver are respec-
tively a laser diode, and each of reflecting unit is a mirror.

A bidirectional pentaplex method includes the following
steps: proving the bidirectional pentaplex system; the
machine room transmitting the first optical signal, the second
optical signal and the monitoring signal to the filter, wherein
the wavelength of the first optical signal, the wavelength of
the second optical signal and the wavelength of the monitor-
ing signal are different; the filter receiving the first optical
signal, the second optical signal and the monitoring signal,
the filter reflecting the first optical signal and the second
optical signal to the grating, and the monitoring signal pen-
etrating the filter and transmitting to the transceiver; the grat-
ing splitting the first optical signal and the second optical
signal, wherein the first optical signal is transmitted to a first
reflecting unit, and the second optical signal is transmitted to
a second reflecting unit; the first reflecting unit reflecting the
first optical signal and transmitting to the first receiving unit;
the second reflecting unit reflecting the second optical signal
and transmitting to the second receiving unit; the control
circuit controlling the first emitting unit emit the first feed-
back signal to the third reflecting unit, and controlling the
second emitting unit emit the second feedback signal to the
fourth reflecting unit, wherein the wavelength of the first
optical signal is not equal to the wavelength of the first feed-
back signal, and the wavelength of the second optical signal is
not equal to the wavelength of the second feedback signal; the
third reflecting unit reflecting the first feedback signal to the
machine room, the fourth reflecting unit reflecting the second
feedback signal to the machine room; and the control circuit
controlling the transceiver emit a third feedback signal pen-
etrating the filter and transmitting back to the machine room,
wherein the wavelength of the monitoring signal is equal to
the wavelength of the third feedback signal.
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In another embodiment, the bidirectional pentaplex
method includes: providing a splitter and a lens, wherein the
connection between the machine room, the splitter and the
lens is based on a fiber; the splitter receiving the first optical
signal, the second optical signal and the monitoring signal
provided by the machine room and transmitting to the lens,
the lens transmitting the first optical signal, the second optical
signal and the monitoring signal to the filter.

In another embodiment, the bidirectional pentaplex
method includes: the first feedback signal reflected by the
third reflecting unit, the second feedback signal reflected by
the fourth reflecting unit and the third feedback signal
reflected by the transceiver coupling to the fiber trough the
lens and transmitting back to the machine room.

In another embodiment, the bidirectional pentaplex
method includes: the first feedback signal reflected by the
third reflecting unit, the second feedback signal reflected by
the fourth reflecting unit and the third feedback signal
reflected by the transceiver coupling to the fiber trough the
lens and transmitting back to the machine room.

In another embodiment, the first optical signal and the first
feedback signal are Gigabit Passive Optical Network signals.

In another embodiment, the first optical signal and the first
feedback signal are Gigabit Ethernet Passive Optical Net-
work signals.

In another embodiment, the second optical signal and the
second feedback signal are Radio Frequency over Glass sig-
nals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 and FIG. 2 are the schematic diagram of a bidirec-
tional pentaplex system.

FIG. 3 is the schematic diagram of downlink procedure of
the bidirectional pentaplex method.

FIG. 4 is the schematic diagram of uplink procedure of the
bidirectional pentaplex method.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings which form a part hereof, and in which is shown by way
of illustration specific embodiments in which the invention
may be practiced. In this regard, directional terminology,
such as “top,” “bottom,” “front,” “back,” etc., is used with
reference to the orientation of the Figure(s) being described.
The components of the present invention can be positioned in
a number of different orientations. As such, the directional
terminology is used for purposes of illustration and is in no
way limiting. On the other hand, the drawings are only sche-
matic and the sizes of components may be exaggerated for
clarity. It is to be understood that other embodiments may be
utilized and structural changes may be made without depart-
ing from the scope of the present invention. Also, it is to be
understood that the phraseology and terminology used herein
are for the purpose of description and should not be regarded
as limiting. The use of “including,” “comprising,” or “having”
and variations thereof herein is meant to encompass the items
listed thereafter and equivalents thereof as well as additional
items. Unless limited otherwise, the terms ‘“connected,”
“coupled,” and “mounted” and variations thereof herein are
used broadly and encompass direct and indirect connections,
couplings, and mountings. Similarly, the terms “facing,”
“faces” and variations thereof herein are used broadly and
encompass direct and indirect facing, and “adjacent to” and
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variations thereof herein are used broadly and encompass
directly and indirectly “adjacent to”. Therefore, the descrip-
tion of “A” component facing “B” component herein may
contain the situations that “A” component facing “B” com-
ponent directly or one or more additional components is
between “A” component and “B” component. Also, the
description of “A” component “adjacent to” “B” component
herein may contain the situations that “A” component is
directly “adjacent to” “B” component or one or more addi-
tional components is between “A” component and “B” com-
ponent. Accordingly, the drawings and descriptions will be
regarded as illustrative in nature and not as restrictive.

Referto FIG. 1 and FIG. 2, they are the schematic diagrams
of'abidirectional pentaplex system. A bidirectional pentaplex
system 3 of the invention is connected to a machine room 1.
The machine room 1 provides a first optical signal L1, a
second optical signal .2 and a monitoring signal [.3 and
transmits to the bidirectional pentaplex system 3. The bidi-
rectional pentaplexer includes a first receiving unit 110, a
second receiving unit 120, a first emitting unit 210, a second
emitting unit 220, a transceiver 300, a filter 400, a grating 500,
a plurality of reflecting units 610, 620, 630, 640 and a control
circuit 2. The filter 400 receives the first optical signal L1, the
second optical signal 1.2 and the monitoring signal 1.3. The
monitoring signal [.3 penetrates the filter 400 and transmits to
the transceiver 300. The filter 400 reflects the first optical
signal L1 and the second optical signal 1.2 to the grating 500.
The transceiver 300 receives the monitoring signal from the
filter 400. The grating 500 receives the first optical signal [.1
and the second optical signal L2 reflected by the filter 400,
splitting the first optical signal [.1 and the second optical
signal [.2. The first reflecting unit 610 receives the first optical
signal L1 spilt by the grating 500 and then reflects the first
optical signal L1. The second reflecting unit 620 receives the
second optical signal L2 split by the grating 500 and then
reflects the second optical signal 1.2. The first receiving unit
110 receives the first optical signal 1.1 reflected by the first
reflecting unit 610. The second receiving unit 120 receives the
second optical signal L2 reflected by the second reflecting
unit 620. The control circuit 2 is electrically connected to the
first receiving unit 110, the second receiving 120 and the
transceiver 300. The transceiver 300 receives the monitoring
unit L3, and the control circuit 2 controls the transceiver 300
emitting a third feedback signal F3. The third feedback signal
F3 penetrates the filter 400 and transmits back to the machine
room 1. The first emitting unit 210 is electrically connected to
the control unit 2. The control circuit 2 controls the first
emitting unit 210 emitting a first feedback signal F1. The
second emitting unit 220 is electrically connected to the con-
trol unit 2. The control circuit 2 controls the second emitting
unit 220 emitting a second feedback signal F2. The third
reflecting unit 630 receives the first feedback signal F1 emit-
ted by the first emitting unit 210, and reflects the first feed-
back signal F1 back to the machine room 1. The fourth reflect-
ing unit 640 receives the second feedback signal F2 emitted
by the second emitting unit 220, and reflects the second
feedback signal F2 back to the machine room 1.

In the embodiment, the first receiving unit 110 and the
second receiving unit 120 are respectively a photo detector.
The first emitting unit 210, the second emitting unit 220, and
the transceiver 300 are respectively a laser diode. The reflect-
ing units 610, 620, 630, 640 are respectively a mirror.

The bidirectional pentaplex system further includes a split-
ter 800 and a lens 900. The connection between the machine
room 1, the splitter 800 and the lens 900 is based on a fiber
700. The splitter 800 receives the first optical signal L1, the
second optical signal [.2 and the monitoring signal L3 pro-
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vided by the machine room 1 and transmitting to the lens 900.
The lens transmits the first optical signal L1, the second
optical signal [.2 and the monitoring signal [.3 to the filter
400.

A bidirectional pentaplex method is applied to the bidirec-
tional pentaplex system 3, and includes a uplink procedure
and a downlink procedure, please refer to FIGS. 2, 3 and 4.
Refer to FIG. 3, it is the schematic diagram of the downlink
procedure. The downlink procedure of the bidirectional pen-
taplex method includes the following steps:

Step 110: Proving the bidirectional pentaplex system 3 as
FIG. 1. The machine room 1 transmits the first optical signal
L1, the second optical signal [.2 and the monitoring signal [.3
to the filter 400, wherein the wavelength of the first optical
signal L1, the wavelength of the second optical signal .2 and
the wavelength of the monitoring signal L3 are different.

Step 120: The filter 400 receives the first optical signal L1,
the second optical signal [.2 and the monitoring signal 3.
Thefilter 400 reflects the first optical signal L1 and the second
optical signal 1.2 to the grating 500, and the monitoring signal
L3 penetrates the filter 400 and transmits to the transceiver
300.

Step 130: The grating 500 splits the first optical signal [.1
and the second optical signal [.2, wherein the first optical
signal L1 is transmitted to a first reflecting unit 610, and the
second optical signal 1.2 is transmitted to a second reflecting
unit 620.

Step 140: The first reflecting unit 610 reflects the first
optical signal L1 and transmits to the first receiving unit 110.

Step 150: The second reflecting unit 620 reflects the second
optical signal [.2 and transmits to the second receiving unit
120.

Refer to FIG. 4, it is the schematic diagram of the uplink
procedure. The uplink procedure of the bidirectional penta-
plex method includes the following steps:

Step 210: The control circuit 2 controls the first emitting
unit 210 emit the first feedback F1 signal to the third reflecting
unit 630, and controls the second emitting unit 220 emit the
second feedback signal F2 to the fourth reflecting unit 640,
wherein the wavelength of the first optical signal L1 is not
equal to the wavelength of'the first feedback signal F1, and the
wavelength of the second optical signal 1.2 is not equal to the
wavelength of the second feedback signal F2.

Step 220: The third reflecting unit 630 reflects the first
feedback signal F1 to the machine room 1, the fourth reflect-
ing unit 640 reflects the second feedback signal F2 to the
machine room 1.

Step 230: The control circuit 2 controls the transceiver 300
emit a third feedback signal F3 penetrating the filter 400 and
transmitting back to the machine room 1, wherein the wave-
length of the monitoring signal 1.3 is equal to the wavelength
of the third feedback signal F3.

The downlink procedure of the bidirectional pentaplex
method further includes the following steps:

Step 160: The splitter 800 receives the first optical signal
L1, the second optical signal [.2 and the monitoring signal [.3
and transmits to the lens 900.

Step 170: The lens 900 transmits the first optical signal L1,
the second optical signal .2 and the monitoring signal 1.3 to
the filter 400.

The uplink procedure of the bidirectional pentaplex
method further includes the following steps:

Step 240: The first feedback signal F1, the second feedback
signal F2 and the third feedback signal F3 couples to the fiber
700 trough the lens 900 and transmits back to the machine
room 1.
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In an embodiment, the first optical signal .1 and the first
feedback signal F1 are Gigabit Passive Optical Network
(GPON) signals or Gigabit Ethernet Passive Optical Network
(GEPON) signals. Gigabit Passive Optical Network (GPON)
and Gigabit Ethernet Passive Optical Network (GEPON)
operate in same wavelength range. In the downlink proce-
dure, the wavelength of the first optical signal [.1 is 1490 nm,
while in the uplink procedure, the wavelength of the first
feedback signal F1is 1310 nm. The second optical signal and
the second feedback signal are Radio Frequency over Glass
(RFoG) signal. In the downlink procedure, the wavelength of
the second optical signal 1.2 is 1550 nm, while in the uplink
procedure, the wavelength of the second feedback signal F2 is
1610 nm. Besides, the monitoring signal [.3 can provide the
network failure points of real time monitoring, and the wave-
length of the monitoring signal [.3 and the third feedback
signal F3 are also 1650 nm.

The multiple-system operator (MSO) combines Passive
Optical Network (PON) with Radio Frequency over Glass
(RFoG) to connect fiber to the optical network unit (ONU)
directly. The main benefit is to expand broadband services by
the existing operation system. The present invention provides
a bidirectional pentaplex system, enabling the multiple-sys-
tem operator (MSO) can combine Gigabit Passive Optical
Network or Gigabit Ethernet Passive Optical Network with
Radio Frequency over Glass under the same architecture of
passive optical network, and provides triple play diversified
services. The present invention provides a bidirectional pen-
taplex system that can make wavelengths divided multiplex-
ing, and combines with bidirectional pentaplex methods,
when used in the triple play architecture; it has the advantage
of'lower cost and the reduction of network failure points and
SO on.

The differences between the bidirectional pentaplex sys-
tem of the present invention, the conventional bidirectional
optical sub-assembly (BOSA) and triplexer are described as
following:

1. It can transmit Radio Frequency over Glass (RFoG) with
Gigabit Passive Optical Network (GPON) or Gigabit Ether-
net Passive Optical Network (GEPON) simultaneously on a
single optical fiber, which can perform wavelength division
multiplexing, transmission and reception.

2. The bidirectional pentaplex system can reduce the use of
filters by using the grating and mirror, and prevent exces-
sively attenuating when the optical signal pass through the
filters in order to reduce costs.

3. The bidirectional pentaplex method integrate with the
monitoring signal in the passive optical network, which can
provide the function of real-time network monitoring.

The foregoing description of the preferred embodiment of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form or to exemplary embodi-
ments disclosed. Accordingly, the foregoing description
should be regarded as illustrative rather than restrictive. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in this art. The embodiments are chosen
and described in order to best explain the principles of the
invention and its best mode practical application, thereby to
enable persons skilled in the art to understand the invention
for various embodiments and with various modifications as
are suited to the particular use or implementation contem-
plated. It is intended that the scope of the invention be defined
by the claims appended hereto and their equivalents in which
all terms are meant in their broadest reasonable sense unless
otherwise indicated. Therefore, the term “the invention”, “the
present invention” or the like is not necessary limited the
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claim scope to a specific embodiment, and the reference to
particularly preferred exemplary embodiments of the inven-
tion does not imply a limitation on the invention, and no such
limitation is to be inferred. The invention is limited only by
the spirit and scope of the appended claims. The abstract of
the disclosure is provided to comply with the rules requiring
an abstract, which will allow a searcher to quickly ascertain
the subject matter of the technical disclosure of any patent
issued from this disclosure. It is submitted with the under-
standing that it will not be used to interpret or limit the scope
or meaning of the claims. Any advantages and benefits
described may not apply to all embodiments of the invention.
It should be appreciated that variations may be made in the
embodiments described by persons skilled in the art without
departing from the scope of the present invention as defined
by the following claims. Moreover, no element and compo-
nent in the present disclosure is intended to be dedicated to the
public regardless of whether the element or component is
explicitly recited in the following claims.

What is claimed is:

1. A bidirectional pentaplex system connected to a machine
room, the machine room providing a first optical signal, a
second optical signal and a monitoring signal and transmit-
ting to the bidirectional pentaplex system, the bidirectional
pentaplex system comprising:

a filter, for receiving the first optical signal, the second
optical signal and the monitoring signal, wherein the
filter is penetrated by the monitoring signal, and reflects
the first optical signal and the second optical signal;

a transceiver, for receiving the monitoring signal from the
filter;

a grating, for receiving the first optical signal and the sec-
ond optical signal reflected by the filter, splitting the first
optical signal and the second optical signal;

a first reflecting unit, for receiving the first optical signal
spilt by the grating and then reflecting the first optical
signal;

a second reflecting unit, for receiving the second optical
signal split by the grating and then reflecting the second
optical signal;

a first receiving unit, for receiving the first optical signal
reflected by the first reflecting unit;

a second receiving unit, for receiving the second optical
signal reflected by the second reflecting unit;

a control circuit, electrically connected to the first receiv-
ing unit, the second receiving and the transceiver,
wherein the transceiver receives the monitoring unit, the
control circuit controls the transceiver emitting a third
feedback signal, and the feedback signal penetrates the
filter and transmits back to the machine room;

a first emitting unit, electrically connected to the control
unit, wherein the control circuit controls the first emit-
ting unit emitting a first feedback signal;

asecond emitting unit, electrically connected to the control
unit, wherein the control circuit controls the second
emitting unit emitting a second feedback signal;

athird reflecting unit, for receiving the first feedback signal
emitted by the first emitting unit, and reflecting the first
feedback signal back to the machine room; and

a fourth reflecting unit, for receiving the second feedback
signal emitted by the second emitting unit, and reflecting
the second feedback signal back to the machine room.

2. The bidirectional pentaplex system of claim 1, further
comprising a splitter and a lens, wherein the connection
between the machine room, the splitter and the lens is based
on a fiber, the splitter receiving the first optical signal, the
second optical signal and the monitoring signal provided by
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the machine room and transmitting to the lens, the lens trans-
mitting the first optical signal, the second optical signal and
the monitoring signal to the filter.

3. The bidirectional pentaplex system of claim 2, wherein
each of receiving unit is a photodetector, each of emitting unit
and the transceiver are respectively a laser diode, and each of
reflecting unit is a mirror.

4. A bidirectional pentaplex method, comprising the fol-
lowing steps:

proving the bidirectional pentaplex system as claim 1;

the machine room transmitting the first optical signal, the

second optical signal and the monitoring signal to the
filter, wherein the wavelength of the first optical signal,
the wavelength of the second optical signal and the
wavelength of the monitoring signal are different;

the filter receiving the first optical signal, the second opti-

cal signal and the monitoring signal, the filter reflecting
the first optical signal and the second optical signal to the
grating, and the monitoring signal penetrating the filter
and transmitting to the transceiver;

the grating splitting the first optical signal and the second

optical signal, wherein the first optical signal is trans-
mitted to a first reflecting unit, and the second optical
signal is transmitted to a second reflecting unit;

the first reflecting unit reflecting the first optical signal and

transmitting to the first receiving unit;

the second reflecting unit reflecting the second optical sig-

nal and transmitting to the second receiving unit;
the control circuit controlling the first emitting unit emit
the first feedback signal to the third reflecting unit, and
controlling the second emitting unit emit the second
feedback signal to the fourth reflecting unit, wherein the
wavelength of the first optical signal is not equal to the
wavelength of the first feedback signal, and the wave-
length of the second optical signal is not equal to the
wavelength of the second feedback signal;
the third reflecting unit reflecting the first feedback signal
to the machine room, the fourth reflecting unit reflecting
the second feedback signal to the machine room; and

the control circuit controlling the transceiver emit a third
feedback signal penetrating the filter and transmitting
back to the machine room, wherein the wavelength of
the monitoring signal is equal to the wavelength of the
third feedback signal.

5. The bidirectional pentaplex method of claim 4, compris-
ing:

providing a splitter and a lens, wherein the connection

between the machine room, the splitter and the lens is
based on a fiber;

the splitter receiving the first optical signal, the second

optical signal and the monitoring signal provided by the
machine room and transmitting to the lens, the lens
transmitting the first optical signal, the second optical
signal and the monitoring signal to the filter.

6. The bidirectional pentaplex method of claim 5, compris-
ing:

the first feedback signal reflected by the third reflecting

unit, the second feedback signal reflected by the fourth
reflecting unit and the third feedback signal reflected by
the transceiver coupling to the fiber trough the lens and
transmitting back to the machine room.

7. The bidirectional pentaplex method of claim 4, wherein
the first optical signal and the first feedback signal are Gigabit
Passive Optical Network signals.

8. The bidirectional pentaplex method of claim 4, wherein
the first optical signal and the first feedback signal are Gigabit
Ethernet Passive Optical Network signals.
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9. The bidirectional pentaplex method of claim 4, wherein
the second optical signal and the second feedback signal are
Radio Frequency over Glass signals.

#* #* #* #* #*
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